Owing to an increased use of diagnostic imaging for evaluating patients with other abdominal conditions, incidentally discovered kidney masses now account for a majority of renal tumors. Renal ablative therapy is assuming a more important role in patients with borderline renal impairment. Renal ablation uses heat or cold to bring about cell death. Radiofrequency ablation and cryoablation are two such procedures, and 5-year results are now emerging from both modalities. Renal biopsy at the time of ablation is extremely important in order to establish tissue diagnosis. Real-time temperature monitoring at the time of radiofrequency ablation is very useful to ensure adequacy of ablation.
Introduction
Renal cancer accounts for approximately 3.5% of all malignancies [Jemal et al. 2007 ] with renal cell carcinomas (RCCs) accounting for approximately 85% of kidney cancers [Lipworth et al. 2006 ], and it is estimated that 57,760 individuals (35,430 men and 22,330 women) will be diagnosed with and 12,980 men and women will die of cancer of the kidney and renal pelvis in 2009 [National Cancer Institute, 2009 ].
Since sectional imaging is now routinely employed to evaluate patients with other abdominal conditions, incidentally discovered kidney tumors now account for 4866% of RCCs diagnosed [Volpe et al. 2004; Jayson and Sanders, 1998 ]. This inadvertent 'screening effect' has resulted in an average increase in incidence of 23% per year [Mathew et al. 2002] , an associated stage migration, and an increase in the rates of surgical intervention [Hollingsworth et al. 2006 ].
Until recently, surgical excision (radical or partial nephrectomy) for pT1a tumors (4 cm or less) with its excellent 5-year cause-specific survival (CSS) rates in excess of 95%, or laparoscopic excision with a similarly favorable early results [Moinzadeh et al. 2006 ], were considered standard therapy for these patients. However, the thrust to use more conservative, ablative techniques for T1a or T1b renal tumors is increasing partly because more tumors are diagnosed in the elderly patients and only 26% are aggressive grade 3 (considered potentially hazardous) [Remzi et al. 2006 ], many tumors are found to be benign, and some patients may also have renal insufficiency at presentation requiring a more nephron-conserving approach. In this review on the role of ablative techniques in renal tumors, we discuss the principles of therapy, mechanism of action of both 'heating' and 'freezing' of tissues, methods of delivery, appropriate patient selection for treatment and controversies in this newly developed field.
Principles of ablative therapy for small renal masses
Overview Renal ablative treatment uses the cell destroying properties of temperature (hot or cold) to bring about apoptosis in cancer cells. An ideal ablative treatment should be able to destroy all cancer cells, without affecting normal tissue and the zone of treatment should be under the control of the physician. Principles of ablation have been studied previously [Leveillee and Hoey, 2003] . Ablation, unlike random tissue destruction by diathermy, depends on the development of a controlled tissue-based thermodynamic equilibrium, with controlled delivery of temperatures to a predetermined ablation zone, which brings about apoptosis within that zone. This is dependent on the rate of delivery of thermal energy, tissue thermal conductivity and the rate of dissipation via the heat sink mechanism. Studies in the author's (RJL) Joint Biomedical Engineering lab at the University of Miami School of Medicine, Florida, USA, have previously supported the concept, that when the heat delivery exceeds dissipation by the heat sink, charring and carbonization will occur, producing a suboptimal ablation zone. This has the same effect as inadequate heat energy delivery with a proportionally higher dissipation by the heat sink.
Heat-sink mechanisms
Heat-sink mechanisms affect both radiofrequency (RF) and cryoablation zones. One of the main reasons for heat dissipation is tissue vascularity within and surrounding the renal tumor, and this has an impact on the volume of the ablated area [Sterrett et al. 2008] . Depending on the adjacent blood flow, heat may dissipate (the 'heat-sink' phenomenon), making it more challenging for the urologist to achieve target temperatures for the requisite duration, in highly vascularized lesions or lesions adjacent to large blood vessels such as the renal hilum ( Figure 1 ). Larger tumors may sometimes require adjunctive selective embolization to decrease the heat-sink effect [Yamakado et al. 2006 ]. Clamping the renal artery alone, in order to avoid the heat-sink effect of renal blood flow has not been shown to increase the size of the cryolesion significantly [Campbell et al. 1998 ], but clamping both the renal artery and vein may do so [Collyer et al. 2004 ].
Principles of therapy
Radiofrequency ablation. Radiofrequency ablation (RFA) induces thermal damage through frictional heating due to ionic oscillation by a monopolar or bipolar high-frequency alternating current (375500 kHz). It can induce temperatures between 50 and 120 C throughout the tumor [Gervais et al. 2005a; Goldberg et al. 2000 ]. The diameter of the zone of ablation can vary due to the length, diameter, surface area, and temperature of the electrode. Not all RFA devices perform similarly, therefore, the preliminary results of effectiveness need to be interpreted appropriately.
Thermal damage by RFA ultimately leads to coagulative necrosis. Damage is believed to manifest through protein denaturation, DNA/RNA chain disruption, and vascular congestion.
Effective ablation and cell damage is a timetemperature dependent process ( Figure 2) . A wide range of temperaturetime combinations (heat) will damage tissue and result in cell death. More time is required at lower temperatures while temperatures above the boiling point of water (>100 C) result in immediate structural damage to the cells with desiccation, vaporization, and carbonization [Sterrett et al. 2008] . In experimental models, tissue ablation occurs when the temperature is elevated for a 'sufficient period' of time which can be specific for a given tissue (tissue-specific timetemperature curve for necrosis) [Lele, 1977] . Reliable tissue destruction has been demonstrated at a temperature of 55 C when maintained for 15 seconds [Bhowmick et al. 2001; Djavan et al. 1997; McGahan et al. 1992] . At temperatures between 60 and 100 C, irreversible damage is instantaneous.
Lower temperatures (4555 C) are associated with less grossly apparent changes but biochemical changes involving cellular enzymes or damaged membrane channels manifest after several hours in the form of cellular edema, organelle swelling, and bleb formation [Sterrett et al. 2008] . Elevated temperatures cause the intracellular buffering capacity and transport mechanisms to fail causing an overload of intracellular calcium and cell death. Disruption of the delicate intracellular balance causes localized inflammatory changes to appear followed by an ischemic response leading to acidosis and eventual coagulative necrosis [Sterrett et al. 2008] .
Following thermal injury the basic structure of the cell is preserved. Three to seven days after RF treatment the damaged tissue begins to show signs of coagulative necrosis with Figure 1 . Superficial exophytic, and deeper endophytic types of renal masses. The deeper the location (more endophytic) the closer the tumor is to larger blood vessels and the greater the 'heat-sink' effect.
Therapeutic Advances in Urology 2 (2) interspersed inflammatory cells. The necrotic debris is then removed by fragmentation or phagocytosis. Concomitant apoptosis can increase the total area of cell kill through the promotion of nuclear pyknosis in cells adjacent to directly injured cells [Leveillee and Hoey, 2003 ]. All evidence of organized renal cellular architecture disappears by 30 days. The necrotic tissue absorbed with fragmentation and phagocytosis transforms into avascular scar tissue that may become smaller in size and does not enhance on contrasted imaging [Crowley et al. 2001; Hsu et al. 2000 ].
Energy delivery. Three different monopolar RFA devices are currently available for use in the USA, and vary in the way energy delivery is controlled (temperature versus electrical impedance), and whether they are internally cooled or not. The three instruments are Cool Tip device (Covidien, Mansfield, MA, USA), the LeVeen needle electrode (Boston Scientific, Natick, MA, USA), and the RITA (Angiodynamics, Queensbury, NY, USA).
Cryoablation. Cryoablation causes apoptosis due to mechanical cell damage in the acute setting, and vascular damage in the subacute setting because of crystallizationrecrystallization caused by tissue freezing [Gage and Baust, 1998 ]. This multistep process [Sterrett et al. 2008 ] starts with initial extracellular ice formation, increased osmolarity in the extracellular space and efflux of intracellular fluid into the extracellular compartment [Berger et al. 2008] , along with changes in pH and mechanical disruption of the cell membranes due to intracellular ice formation seen with lower temperatures [Sterrett et al. 2008] . Lastly, ischemic cell death due to microcirculatory failure correlating with the thaw phase of the freezethaw cycle occurs due to endothelial damage and microvascular thrombosis [Gill and Novick, 1999; Mazur, 1970] . Later, fibrosis, and collagen deposition occurs which lasts over weeks to a month [Chosy et al. 1998 ].
Because the thaw cycle plays such an important role, multiple freezethaw cycles exacerbate tissue damage and increase liquefaction necrosis [Auge et al. 2006 ]. Argon gas is used for freezing, and helium gas for thawing of the tumor according to the JouleThomson effect. A slow, passive thaw may be more effective than a rapid and active thaw [Berger et al. 2008 ].
Temperatures of 19.4 C or less cause cell death in the animal models [Chosy et al. 1998 ], but exposure of RCC lines to 10 C for 60 minutes resulted in cell death in only 5% of cells while exposure to 20 C, resulted in 85% cell death [Stephenson et al. 1996] . Similarly to RFA, cryoablation also follows a temperaturetime necrosis pattern. Optimal freeze times have been studied in the pig model and a 10-minute freeze appears to produce necrosis with the fewest complications [Collyer et al. 2004 ]. Five-minute freeze times produced inadequate effect but were associated with excessive bleeding, whereas 15-minute freeze times produced consistent necrosis but were associated with renal fracture [Collyer et al. 2004] .
Since there seems to be a rapid warming of the tissue toward the periphery of the ice ball (Figure 3 ), the edge of the ice ball in a canine model needs to extend at least 3.1 mm beyond the edge of the target lesion for adequate cell death [Campbell et al. 1998 ].
The target temperature in clinical protocols is therefore approximately 40 C with extent of the ice ball at least 0.5 cm beyond the target lesion [Berger et al. 2008] . The duration of freezing is an important factor. After achieving target temperatures, further cell destruction can be achieved by prolonged freezing at this temperature [Hoffmann and Bischof, 2002] .
Delivery systems. There are currently four cryoablation manufacturers [Matin and Ahrar, 2008] : Endocare (Irvine, CA, USA), Galil Medical (Yokneam, Israel), Oncura (Arlington Heights, IL, USA), and Cryomedical Sciences (Rockville, MD, USA). The first three use argon gas to cause rapid freezing at the probe tip, based on the JouleThomson effect. The Cryomedical Sciences unit is a nitrogen-based system and is currently only utilized for prostate and liver applications [Matin and Ahrar, 2008] .
Microwave. Microwave energy with frequencies from 900 to 2450 MHz can cause ionic oscillation at high rates. Water molecules have a net positive charge on the hydrogen side and a negative charge on the oxygen side [Simon et al. 2005] and this charge changes signs nearly 2 billion times a second (9.2 Â 10 8 Hz) [Simon et al. 2005] causing resistive heating. This causes a rise in temperature, proportional to the vigorous movement of water molecules, thus inducing cellular death via coagulation necrosis.
High-intensity focused ultrasound. High-intensity focused ultrasound (HIFU) uses focused ultrasound waves to generate heat. As the ultrasound wave propagates through biological tissues, it is progressively absorbed dissipating its mechanical energy into heat. If the wave is brought to a tight focus at a point within tissues (HIFU), the high-energy density results in heat generation sufficient to cause coagulative necrosis Madersbacher et al. 1995] . The energy density decreases rapidly outside the focal zone, so that surrounding tissues remain unharmed. As heat generation is extremely rapid, tumor cell dissemination or metastases are less commonly seen [Murat et al. 2007; Oosterhof et al. 1997] , and potential heat sinks such as large blood vessels have a lesser impact than with other, slower techniques of thermal ablation Madersbacher et al. 1995] .
HIFU ablation is more efficient if homogeneous tissue structures without significant acoustic interphases along the path of ultrasound delivery are present, along with a stationary target for precise energy deposition . Clinically this can be achieved when the kidney is surgically exposed [Susani et al. 1993 ]. HIFU of renal tumors by an extracorporeal approach has proven unreliable both in animal experiments and clinical pilot studies [Illing et al. 2005; Marberger et al. 2005] , and this can be a major drawback of this technology.
Patient selection
Both RFA and cryoablation are good tools for renal tumor ablation and success may be a function of patient selection and the technique used, rather than the ablation technology [Cadeddu and Raman, 2008] . Proper patient selection needs to be based on an understanding of the mechanisms by which they work and following the principles of delivery. Cryoablation failures may be related to improperly performed freeze thaw cycles. RFA failures maybe related to improper selection of patients with larger tumor sizes, or tumors nearer large blood vessels, rapid heating causing tissue charring and therefore more thermal insulation, and nonuniform heating of the tumor. It is essential to make an appropriate probe selection. For example, a 2.5-cm tumor could be treated with one probe, but a 4.5-cm tumor would require two or even three probes ( Figure 4) . Appropriate real-time thermal monitoring of tissues is extremely important while performing a RFA in order to ensure uniform heating. Lastly, we feel that the use of general anesthesia with controlled respiration helps to improve results.
Controversies
Renal ablative therapy, like any newly developed field, has many controversial issues. We now look at some of the commonly addressed areas.
Renal biopsy
Renal biopsies for renal masses have had a high incidence of false-negative results [Dechet et al. 2003; Brierly et al. 2000; Campbell et al. 1997; Herts and Baker, 1995] and were selectively used in patients suspected of having a lymphoma or metastases to the kidneys [Herts and Baker, 1995] . A better understanding of the tumor biology has required a revision of policies concerning renal biopsy. Approximately 1520% of clinical stage T1 renal masses may be benign and could be considered for less aggressive management [Schmidbauer et al. 2008; Lane et al. 2007; Remzi et al. 2006 ]; but only 17% of lesions were correctly defined as benign on computed tomography (CT) before surgery. On the other hand, around 26% of tumors are aggressive G3 [Remzi et al. 2006 ] and may require more definitive surgical treatment. It would therefore be very useful to have a definitive preoperative diagnosis by a needle biopsy.
The false-negative rate with renal mass biopsy is now only 1%, with another 1015% of biopsies turning out to be indeterminate (not as concerning as a false negative) [Novick et al. 2009 ] and the incidence of symptomatic complications requiring any form of intervention is also relatively low (<2%) [Remzi and Marberger, 2008a; Schmidbauer et al. 2008; Lebret et al. 2007; Volpe et al. 2007 ]. Renal biopsies are therefore becoming more popular. We routinely perform renal biopsies at the time of the RFA. The biopsy is just an extension of the procedure and in our opinion cannot be considered any more invasive than the process of ablation. It gives valuable information about the pathology and grade of tumor. When used with special stains, as is routinely done in our institution, its yield is very high and there are significant implications for follow up of the patient. For example, a patient with a fat poor angiomyolipoma that was treated with RFA need not undergo CT scanning with the same frequency as a patient with clear cell RCC.
Hot versus cold: which one to use RFA and cryoablation are two popular modalities in use today.
RFA is technically easy to setup, uses a small por- [Varkarakis et al. 2005] . Repeat intervention improved the radiological success rate from 86% to 89% in another study [Veltri et al. 2004] . In our series (unpublished data) repeat interventions are infrequent since we use multiple probes or a single probe with multiple cycles (in different places of the tumor) to offset mismatches in tumor volume and predicted ablation zone.
Distant progression can occur and has been described in 2/44 patients in one series [Veltri et al. 2004] , and in 4 patients in another [Mahnken et al. 2005 ] at 19 and 13.9 months, respectively, in spite of imaging showing successful ablation of the treated area and stable renal function, emphasizing the need for appropriate surveillance.
One of the concerns with RFA has been 'skip areas' of ablation. Skipping can occur due to the 'heat-sink' effect (see previous discussion) due to proximity to rapidly flowing blood, and this renders RFA unreliable in highly vascularized tumors larger than 3 cm, with 23% vital tumors to be found at histological work up [Fernandez Rosado et al. 2006 ]. Techniques to optimize the uniformity of ablation in these situations include clamping the renal artery prior to cryotherapy [Orihuela et al. 1999] , or performing a superselective embolization to eliminate the heat-sink effect [Yamakado et al. 2006 ]. The embolization before RFA can be done even in the setting of renal artery stenosis or abdominal aortic aneurysm [Mondshine et al. 2008] , and can be done under local anesthesia with intravenous sedation [Arima et al. 2007 ]. RFA compares well with partial nephrectomy for clinical T1a tumors, and overall actuarial disease-free probabilities for the partial-nephrectomy and RFA groups, respectively, were 95.8% and 93.4% (p ¼ 0.67) [Stern et al. 2007 ].
Cryoablation on the other hand, has been associated with a significantly lower rate of incomplete ablation (4.8%) than RFA (14.2%) [Novick et al. 2009] , although this comparison could be biased due to use of dissimilar groups. Cancer-specific survival of 98% at 3 years and complete resolution of the lesion in 38% on MRI have been described [Gill et al. 2005 ]. However, conversion rates for cryoablation (3.5%) are almost twice as high as RFA rates (1.6%) [Novick et al. 2009 ].
Laparoscopic cryoablation is a good choice for elderly patients with comorbidities [O'Malley et al. 2007 ]. Laparoscopic cryoablation is a feasible option even in angiomyolipoma [Byrd et al. 2006] , and in such vascularized tumors, it may be advantageous to use cryotherapy [Klingler et al. 2007 ]. The mean thermal treatment time for laparoscopic cryoablations was 19.3 min compared with 32.2 min for percutaneous RFA [Hegarty et al. 2006] , and radiologic evidence of tumor recurrence or persistence of disease was noted in three patients (1.8%) with cryoablation and in nine (11.1%) with RFA [Hegarty et al. 2006 ]. The patients in this study were, however, not evenly matched with a higher percentage of patients having solitary kidneys as well as hilar/central tumors treated with CT RFA as compared with more peripheral, exophytic tumors treated with laparoscopic cryoablation (the cryoablation group had a greater number of anteriorly located tumors, 39% versus 10%, as well as fewer central tumors, 6% versus 37%, and fewer solitary kidneys, 24% versus 49% [Hegarty et al. 2006] ). The mean thermal time may depend on many variables. The technique used could have an impact: in our center, we wait for all temperature probes to register temperatures above 60 C, and this could take longer, depending upon the endpoint of treatment. Since most centers do not use independent temperature sensors, the endpoint of ablation treatment is determined by the manufacturer using a preset algorithm. The number of probes used could also have a direct impact on the time and expense. Three probes could be used synchronously for a total of 1420 minutes; or one probe could be deployed three times in three different places for 1420 minutes each. A head-to-head comparison may only be possible if the methodology is standardized.
Current relapse-free survival (RFS) for laparoscopic cryoablation has been reported to be as high as 94% [Lawatsch et al. 2006 ]. Repeat intervention may be required. Tumor location and size were the major determinants for achieving tumor eradication, and 82.6% had a single treatment ]. In another series the RFS was 84.3% after one cryoablation, and 96.8% after repeat intervention [Davol et al. 2006 ].
Percutaneous cryoablation of small RCCs under
horizontal open MRI guidance appears to be safe, but a few patients experience incomplete ablation as confirmed in patients undergoing secondary nephrectomy [Miki et al. 2006 ]. Percutaneous cryoablation is also effective in patients with recurrent tumors [Nosnik et al. 2006 ], in patients with bilateral RCC and even in a patient with an incidental 3.2-cm mass in a renal allograft [Hruby et al. 2006 ].
In a 5-year follow up after cryosurgical ablation of renal tumors ranging from 1.1 to 4.6 cm (median lesion size 2.6 cm), 12.5% of patients were diagnosed with persistent disease during follow up [Davol et al. 2006 ].
In a meta-analysis [Kunkle and Uzzo, 2008] involving 47 studies representing 1375 kidney lesions comparing cryoablation with RFA, analysis showed that the patients were well matched for age, tumor size, or duration of follow up. In this study, RFA had a higher rate of repeat ablation (8.5% versus 1.3%; p < 0.0001), local tumor progression (12.9% versus 5.2%; p < 0.0001) and metastasis (2.5% versus 1.0%; p < 0.06). The higher incidence of local tumor progression was found to be correlated significantly with treatment by RFA on univariate analysis (p < 0.001) and on multivariate regression analysis (p < 0.003). Cryoablation was usually performed laparoscopically (65%), whereas 94% of RFAs were performed percutaneously [Kunkle and Uzzo, 2008] .
Complications
Head-to-head comparison has been difficult since no randomized, prospective trials are available. However, both procedures are popular, can be performed percutaneously as well as laparoscopically, should ideally have intraoperative biopsies, need sectional imaging in order to optimize results, and need similar follow-up protocols. They also have similar complications seen with any laparoscopic or percutaneous procedure on the kidney.
Complications described with RFA include hemorrhage requiring blood transfusion (2.3%) [Gervais et al. 2005b] , abscess formation mimicking tumor recurrence [Roarke et al. 2006 ], ureteral strictures, ureteropelvic junction obstruction and delayed hemorrhage [Carey and Leveillee, 2007] , renocolic fistula [Uribe et al. 2006 ], a renoduodenal fistula [de Arruda et al. 2006 ] and neuromuscular complications [Lee et al. 2006 ] with paresthesia in the distribution of the genitorfemoral nerve while ablating lesions near the psoas muscle. The likelihood of tumor seeding along the probe track after biopsy or ablation is minimized by ablating the probe track during removal [Stone et al. 2007 ]. Treatment of central tumors is most likely to cause hematuria which is usually self-limiting [Ahrar et al. 2005 ]. Many of the above complications are related to proximity of the tumor to neighboring organs [Park and Kim, 2009] . In order to avoid many of these complications, the distance between the tumor and neighboring organs may be increased artificially by using methods such as changing the patient's position, using the RF electrode as a lever and hydrodissection [Park and Kim, 2009 ].
Cryoablation has a complications rate of 1.8%, and as with RFA, percutaneous techniques are less effective as compared with laparoscopy, with recurrence rates ranging between 13% and 21% [Klingler, 2007a] . Hemorrhage due to renal fracture is a complication unique to cryoablation, and is seen with breakage at the junction of the ice ball formation. This may require transfusion [Davol et al. 2006; Schwartz et al. 2006] or conversion to open surgery [Lee et al. 2003 ]. Other complications include pancreatic injury [Lee et al. 2003 ], ureteral obstruction by clots causing anuria in a solitary kidney [Schwartz et al. 2006; Lane et al. 2005; Lee et al. 2003 ] have been described. The major urological complication rate for cryoablation was 4.9%; this rate is similar to rates for RFA but renal loss has been reported in the presence of complications [Novick et al. 2009] .
What is an ideal tumor size Tumor size is an important determinant of local ablation success with smaller tumors having a better chance of success. Good candidates for ablation include those with small, contrast enhancing, solid renal masses less than 4 cm (T1a) in a noncentral location: they should not be located too close to important structures such as the ureteropelvic junction, or renal hilar vessels, and preferably should not abut the pyelocalyceal system [Park and Cadeddu, 2007] . The thermal damage through frictional heating seen in RFA results in an ablation diameter of around 1.6 cm around a 17 gauge needle electrode [Gervais et al. 2005a; Goldberg et al. 2000 ]. Technical innovations that can control the size and shape of the ablation zone include pulsing the current and using cooling of the electrode to prevent carbonization [Tacke et al. 2004 ], using multiple electrodes, or multitined expandable electrodes [Gervais et al. 2005a ], or increasing the effective electrode size by injection of an ionic solution such as interstitial saline.
For cryoprobes, the rate of temperature change and thermal conductivity of the target tissue affects the volume of tissue that is ablated. A 3.4-mm probe cooling down at 50 C/min to a low of 175 C will create a cryolesion 4 cm in diameter in 20 minutes, but an 8-mm probe cooling at the rate of 100 C/min to a nadir tip temperature of 190 C will result in a cryolesion 7 cm in diameter in 20 minutes [Gage and Baust, 1998 ]. In general, complete ablation is achieved in all tumors less than 3 cm in size, in 92% of tumors between 3 and 5 cm, but in only 25% of tumors larger than 5 cm [Gervais et al. 2005b ] and for each 1-cm increase in tumor diameter over 3.6 cm, the likelihood of RFS decreased by a factor of 2.19 [Zagoria et al. 2007] . A retrospective study looking at percutaneous cryoablation performed on 40 patients with renal tumors 3 cm in diameter or larger found that extension of the ice ball beyond the tumor margin was seen on all patients on the CT, and technical success defined as postablation imaging findings of no contrast enhancement in the area encompassing the original tumor, was achieved in 38 (95%) of 40 cryoablation procedures. The authors reported one National Cancer Institute Common Terminology Criteria for Adverse Events grade 3 adverse event (3%). No local tumor recurrence or tumor progression was found in 26 (65%) of the 40 patients that were available for follow up [Atwell et al. 2007 ]. Cryoablation may be a better treatment alternative for larger tumors and the capacity to form a very large ice ball would be advantageous in this situation. A caveat was raised by Lehman et al. [2008] , who retrospectively evaluated patients treated with laparoscopic cryoablation who were divided into two groups. Group 1 (30 tumors <3.0 cm) had no complications. Group 2 (21 tumors >3.0 cm) demonstrated 62% complication rates, including a 38% transfusion rate and two mortalities. These authors concluded that cryoablation should be reserved for tumors <3.0 cm [Lehman et al. 2008] .
Until further improvements in technology are available and long-term results show technical feasibility, tumor sizes of 4 cm or less are considered good candidates. Masses over 4 cm can be treated with multiple probes in order to optimally overlap zones of ablation to involve the whole tumor (Figure 4 ). This would minimize the risk of residual tumor and the need to perform repeated ablations. Masses over 7 cm are rarely selected for ablative therapy unless there is a compelling need to do so.
Tumor location
Noncentral tumors are easier to access and treat with a low complication rate. Posterior and posterolateral tumors can be treated percutaneously, while anterior and medially placed tumors may require a laparoscopic intervention ( Figure 5 ).
Urologist versus interventional radiologist
Endourologists with skills in percutaneous and laparoscopic procedures are comfortable performing both routes. However the laparoscopic method for renal cryoablation has been the exclusive domain of the urologist. The transperitoneal approach, in particular, is comfortingly familiar, affords excellent access to the kidney, allows use of intraoperative ultrasound, visualization of probe placement and, in the case of cryoablation, monitoring of ice ball formation [Sterrett et al. 2008] .
The percutaneous approach can be performed either by the urologist or the interventional radiologist. In our institution it is performed by a team in the radiology suite ( Figure 6 ). with posteromedial tumors could be considered good candidates for a percutaneous RFA. A third patient (C 1 and C 2 ) with upper pole tumor sitting very close to the bowel and (C 1 and C 2 ) and the spleen (C 1 ) would be better served by a laparoscopic approach. Percutaneous RFA using multitined probes under moderate sedation with adjunctive procedures such as water injection for pancreatic or colonic displacement has been described [Clark et al. 2006] . A mean involution of 15% per year was noted by these authors after the use of multitined probes [Clark et al. 2006 ].
Percutaneous techniques are more cost effective, most often do not require a hospital stay and patients return to work earlier. Percutaneous RFA has been compared with nephron-sparing surgery (NSS) in patients with T1a tumors [Pandharipande et al. 2008 ] using a decisionanalytic Markov model developed to estimate life expectancy and lifetime costs for 65-year-old patients with a small RCC treated with RFA versus NSS. NSS yielded a minimally greater average quality-adjusted life expectancy than did RF ablation (2.5 days) but was more expensive. NSS had an incremental cost-effectiveness ratio greatly exceeding US$75,000 per qualityadjusted life year (QALY), and RFA was considered preferred if the annual probability of post-RFA local recurrence was up to 48% higher relative to that post-NSS. NSS preference required an estimated NSS cost reduction of US$7500 or RF ablation cost increase of US$6229 [Pandharipande et al. 2008] . Percutaneous cryoablation has also been found to be 2.22.7 times less costly when compared with open or laparoscopic partial nephrectomy or when compared with laparoscopic cryoablation , with cryoprobe consumables accounting for more than 70% of the total cost of the procedure ]. The lack of visual cues afforded by the laparoscopic technique is offset by the availability of excellent new-generation sectional imaging devices. With the team approach, either interventional radiologist or the urologist should be available to deal with any complications that may arise.
Is there an age limit
Patients with a solitary kidney, multiple synchronous RCC, von Hippel Lindau disease, familial RCC, or those with limited renal function are appropriate candidates for ablative treatment irrespective of age [Sterrett et al. 2008 ]. However, controversy exists in younger patients without significant comorbid conditions, or those with normal contralateral renal function and minimal future risk of renal function loss. In such patients the results of definitive treatment such as radical nephrectomy (open or laparoscopic) or partial nephrectomy far outweigh the available results, and limited follow up from relatively small series of renal ablation. As experience with ablative therapy accumulates and long-term oncologic results become available, favorable outcomes may justify the treatment of smaller, potentially less-aggressive tumors in younger, healthier patients.
Definition of success
Undertreatment in RFA could be indicated by a rapid decline in temperature during cooling (indicating persistent cooling perfusion at the tip), a suboptimal rise in impedance or a delayed decline, or a lack of pulsing of the generator [Stone et al. 2007 ]. However, long-term success is measured by surrogate markers such as radiographic demonstration of loss of contrast enhancement (Figure 7 ).
Lack of enhancement (a rise of Hounsfield units
[HU] of less than 10 HU [Farrell et al. 2003] or less than 20 HU [Sterrett et al. 2008] ), and no evidence of growth are reasonably reliable indicators of the presence of nonviable tissue in the place where the tumor had been present [Sterrett et al. 2008 ]. However, this has come into question, due to the demonstration of viable tissue in non-enhancing lesions on pathological examination [Weight et al. 2008] .
The presence of incompletely ablated original tumor is now considered a recurrence, and not a persistence, in accordance with the recommendations of the Working Group on Image-Guided Tumor Ablation [Goldberg et al. 2005 ].
The percutaneous approach for ablation, although less invasive, may have a higher incomplete ablation rate compared with the laparoscopic approach with recurrence rates for RFA ranging between 14% and 18% [Novick et al. 2009] , although more randomized studies are required to investigate this issue. Patient selection and 'intent to treat' decisions may influence the aggressiveness of the surgeon or radiologist performing the treatment. Percutaneous ablations were compared with surgical ablations [Hui et al. 2008] . Primary effectiveness was defined by the proportion of tumors without residual enhancement after one treatment session and secondary effectiveness as repeated treatments required. A meta-analysis of 46 series (28 percutaneous, 18 surgical) showed a significantly lower primary effectiveness rate for the percutaneous group (87% versus 94%; p < 0.05) compared with the surgical group, but no significant difference for the retreatment rates (92% versus 95%; p > 0.05). However the major complication rate in the percutaneous treatment group (3%) was significantly lower than that in the surgical treatment group (7%; p < 0.05) [Hui et al. 2008] .
Unlike cryoablated lesions, RFA lesions tend not to shrink in size (Figure 7) . Matsumoto et al. described the typical characteristics of the RF ablated mass. These characteristics include a nonenhancing wedge-shaped lesion frequently with a thin rim of fat between the lesion and the normal parenchyma. Exophytic tumors tend to retain their preablation shape and size [Matsumoto et al. 2004] . Imaging characteristics can change at any time and strict adherence to the follow-up protocol is encouraged in all patients since late recurrences (up to 31 months) have been documented [Sterrett et al. 2008] .
Technical aspects of renal ablation
Image-guided (ultrasound, MRI, CT) renal tumor ablations can be performed through open surgical, laparoscopic or percutaneous routes. The device can be inserted under ultrasound, CT, or MRI guidance. These patients are usually discharged home the same day as the procedure. Patients not suitable for a percutaneous approach are treated laparoscopically. The optimal trajectory for the device for the percutaneous approach should be via a posterior or lateral approach with the patient in a semiprone or lateral decubitus position with coordinated breathing to help position the target lesion without injuring surrounding structures [Stone et al. 2007 ]. We favor general anesthesia with suspended respiration to improve targeting and outcomes [Gupta et al. 2009 ]. The use of real-time virtual ultrasonography as a navigational tool for percutaneous RFA has been described [Ukimura et al. 2008] .
Cortical renal tumors and exophytic lesions are often more readily ablated due to the presence of surrounding fat, which provides an insulating 'oven effect' during ablation, and the absence of a heat-sink effect seen with medullary lesions (Figure 1 ).
Ablation of cystic tumors can be challenging. The probe might need to be moved to different locations within the cystic tumor to ablate the solid components [Stone et al. 2007 ].
The ureters, surrounding bowel, and several nerves (genitofemoral and ilioinguinal nerves coursing along the psoas muscle) and muscles are at risk for thermal injury and the operator needs to be cognizant of the presence of these structures. The proximity of the adrenal gland to the kidney must also be taken into consideration, as damage to the adrenal gland during renal ablation can lead to an acute hypertensive crisis or delayed adrenal insufficiency in patients with a prior contralateral adrenalectomy [Stone et al. 2007 ].
Intraoperative monitoring is recommended. Laparoscopic ultrasonography may facilitate identification of tumor and renal anatomy and help in excluding satellite lesions. It also makes assessment of ice ball formation during laparoscopic renal cryotherapy [Fazio et al. 2006 ]. Our group [Carey and Leveillee, 2007] has previously described the use of nonconducting temperature probes independent of the RFA electrode in order to achieve real-time temperature monitoring of the ablation zone. The ablation can be continued until all of the peripheral temperature monitors registered 60 C for at least 15 s [Carey and Leveillee, 2007] . Ultrasound or CT placement of these 'peripheral sensors' is essential to ensure adequate positioning (Figure 8 ).
Hydrodissection with a nonelectrolyte solution such as dextrose 5% in water (D5W) [Laeseke et al. 2005] has been described to try to protect adjacent structures and can create an insulating envelope around the structures, minimizing the risk for complications such as bowel perforation [Chen et al. 2006 ]. Pneumodissection using CO 2 has also been used successfully, and separation of the target tumors from adjacent structures by injecting CO 2 around the tumor avoided thermal injury [Kariya et al. 2005 ].
However, an aspect of hydrodissection or pneumodissection that has not been fully assessed is the effect of dissipation. Both CO 2 and D5W can dissipate or undergo resorption, and therefore repeated injections in the proper plane of dissection may be required to maintain adjacent organ displacement, away from the probe. Repeated injections have their own risks, and injection in the wrong planes can have serious adverse effects. A thorough understanding of the surgical planes is instrumental in deciding which patients are optimally treated with CT guidance versus laparoscopic exposure.
Additional maneuvers to achieve extra bowel displacement could include additional manual torquing of the RFA probe, and the use of angioplasty balloon interposition [Ginat et al. 2009 ]. When the electrode is used as a lever, the distance between the tumor and bowel during percutaneous CT-guided RFA increased by over 5 mm [Park and Kim, 2008] and no thermal injury to the bowel was noted [Park and Kim, 2008] .
We favor laparoscopic exposure for those situations where bowel or ureter injury is particularly concerning and do not advocate hydro/pneumodissection as a routine ( Figure 5 ). The ureter is particularly at risk for thermal damage with centrally located neoplasms or transitional cell tumors, and can be thermoprotected by using infusions of chilled solution via a ureteral catheter or nephrostomy [Schultze et al. 2003 ]. The technique of using cooled D5W solution retrograde pyeloperfusion is particularly recommended for patients undergoing ablation of tumors within 1.5 cm of the ureter [Cantwell et al. 2008] . In 17 patients (mean distance from ureter, 7 mm) good technical success was reported in all patients, no patient developed a ureteral stricture or hydronephrosis during a mean of 14 months of follow up and 3 patients had residual tumor on the first follow-up imaging study, but all three tumors were completely ablated after a second RF ablation session [Cantwell et al. 2008 ]. This relatively high (17.6%) retreatment rate may be attributed to a cautious approach to treating in such proximity to the ureter or to a detrimental effect of the 'cooling/protection' employed. Alternative strategies for the surgeon would be to utilize a laparoscopic mobilization of the ureter away from the field to ensure optimal distances. For cryoablations, two freezing and two active and passive thawing cycles are often performed [Klingler, 2007b] . Percutaneous renal cryoablation is currently performed with the use of CT scan guidance, open gantry MRI or ultrasound [Permpongkosol et al. 2008; Stein and Kaouk, 2007] .
With microwave ablation, after image-guided tumor localization the microwave antenna is then placed directly into the tumor. When the antenna is attached to the microwave generator with a coaxial cable, an electromagnetic microwave is emitted from the exposed, noninsulated portion of the antenna [Simon et al. 2005 ]. Owing to the inherent properties of the electromagnetic wave, the device does not need to be grounded.
For laparoscopic HIFU after core tumor biopsies are obtained from the tumor, one 18-mm port (Ethicon, Somerville, NJ, USA) is required to allow access for the HIFU probe ]. If, because of tumor size, location or access port placement issues, the tumor area cannot be completely covered by a single treatment, second overlapping treatment can be used to completely ablate the entire tumor volume. The transducer's focal length limits the maximum HIFU penetration depth to approximately 35 mm. The maximum linear scanning extent of the transducer is 50 mm and the maximum angular scanning extent is 90 .
Conclusions
RFA and cryoablation are popular techniques for the treatment of small renal masses. Many series with over 5 years of follow up are emerging to reassure the urologist of their safety and efficacy. RFA uses heat to kill cells whereas cryoablation uses freezing. Both produce consistently good results which could be a function of patient selection and technique, rather than the ablation technology [Cadeddu and Raman, 2008] . Either procedure could be used to treat small T1a lesions in the kidney. Temperature monitoring is an essential part of the treatment and should be done to ensure adequacy of treatment. Biopsy of the renal lesion should be done prior to any form of ablation. It would be reasonable to expect that renal ablation could be incorporated as a standard treatment option for small renal masses, especially, for the patient with renal impairment requiring a nephron-sparing option.
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